The angular power spectrum of Cosmic Microwave Background (CMB) radiation has proved to be an excellent observation to measure different cosmological parameters. In order to extract cosmological parameters precisely we need to remove foreground contamination as well as detector noise bias. In this paper we present a framework to extract CMB angular power spectrum from the multi-frequency observations of WMAP using a model-independent method. The primary product of WMAP are the observations of CMB in 10 independent difference assemblies (DA) that have uncorrelated noise. Our method utilizes maximum information available within WMAP data by linearly combining all the DA maps to remove foregrounds and estimating the power spectrum from cross power spectra of clean maps with independent noise. We compute 24 cross power spectra which are the basis of the final power spectrum. The binned average power matches with WMAP team's published power spectrum roughly within the 1σ error bars. This demonstrates that the final CMB angular spectrum can be estimated from a self contained analysis of the WMAP data without recourse to extraneous observational inputs such as that which go into making foreground templates and model point source spectrum.
1. INTRODUCTION The extraction of the angular power spectrum of the Cosmic Microwave Background (CMB) anisotropy is complicated by the foreground emissions as well as the detector noise. The foreground emissions are dominantly from within the milky way and give the strongest contamination in the low frequency bands. In the first data release, the WMAP team removed the galactic foreground signal using a template fitting method based a model of synchrotron, free free and dust emission in our galaxy (Bennett et al. 2003b ) . The CMB power spectrum was then obtained by Fosalba & Szapudi 2004 ; Patanchon et al. 2004 ) using the 41Ghz, 61 Ghz and 94Ghz foreground cleaned maps.
However a model independent removal of foregrounds has also been proposed in the literature (Tegmark & Efstathiou 1996) . It is established that the CMB follows blackbody distribution to a high accuracy, (Mather et al. 1994; Wright et al. ) . Foreground emissions can be removed by exploiting the fact that their contributions in different spectral bands are considerably different while the CMB power spectrum is same in all the bands (Dodelson 1997; Tegmarket al. 2000a ; Bennett et al. 2003b ; . The model independent method has been implemented on the WMAP data (Tegmark et al. 2003) in order to create a foreground cleaned map. The main advantage of this method is that it does not make any additional assumptions regarding nature of the foregrounds. Furthermore, the procedure is fast and can be implemented effectively even on a modest computing facility. The procedure divides the sky into 9 regions in the order of decreasing cleanliness. The foreground emissions are removed by combining the five different WMAP bands by weights which depend both on the angular scale and on the location on the sky. However the authors in (Tegmark et al. 2003) did not aim to remove the detector noise bias. Hence the power spectrum recovered from the foreground cleaned map is very large at large multipole moments due to the detector noise bias.
The prime objective of our paper is to remove detector noise bias exploiting the fact that it is uncorrelated among the different Difference Assemblies (DA) Jarosik et al. 2003 ) .
The WMAP data uses 10 DAs (Bennett et al. 2003a; Bennett et al. 2003c ; Limon et al.; Hinshaw et al. 2003a ) , one each for K and Ka bands, two for Q band, two for V band and four for W band. We label these as K, Ka, Q1, Q2,V1, V2, W1, W2, W3, and W4 respectively. We eliminate the detector noise bias using cross power spectra and provide a model independent extraction of CMB power spectrum from WMAP first year data. So far, only 3 highest frequency channels observed by WMAP have been used to extract CMB power spectrum Fosalba & Szapudi 2004 ; Patanchon et al. 2004 ). We present a more general procedure where we use observations from all the 5 frequency channels of WMAP. We organize our paper as follows. The method is described in section 2 and the results are described in section 3. Finally we conclude in section 4. 
Foreground cleaning
Up to the foreground cleaning stage, our method is similar to (Tegmark & Efstathiou 1996; Tegmark et al. 2003) . In (Tegmark et al. 2003 ) the authors obtain a foreground cleaned map combining all the 5 maps corresponding to the different frequency channels observed by WMAP. For the Q, V and W frequency channels where more than one maps were available they simply formed an averaged map. However, averaging over all the DA maps in a given frequency channel precludes any possibility of removing detector noise bias using cross correlation. In our method we linearly combine maps corresponding to a set of 4 DA maps at different frequencies. We also treat K Following the approach of (Tegmark & Efstathiou 1996) we introduce a set of weights
which defines our cleaned map as the following linear combination
. The condition that the CMB signal remains untouched during cleaning is encoded as
where [e] is a 4 × 1 column vector
It may be easily shown using eq. 3 that the total power in the cleaned map
where C S l is the CMB power power spectrum and the last term is the contribution from the foreground and and noise contamination.
The matrix [C l ] is obtained from
with
and B i l is the beam function for the channel i supplied by the WMAP team.
Following (Tegmark et al. 2003; Tegmark & Efstathiou 1996; Tegmarket al. 2000a ; Tegmark 2000b ) , we obtain the optimum weights which combines 4 different frequency channels subject to the constraint CMB is untouched,
The entire procedure of getting the 48 cleaned maps was automated. In a 16 processor alpha machine it took approximately 3 hours to perform the entire cleaning. The final cleaned map C32 is shown in the figure 1. Residual foreground are visibly present along a small narrow strip on the galactic plane. The Kp2 mask more than suffices to mask this region in all the 48 maps from further analysis.
FIG. 1.-Our final cleaned map for K, Q2, V2, W13 combination. As the figure shows there is some residual foreground contamination near the galactic plane. We apply Kp2 mask supplied by the WMAP's team before extracting final power spectrum. Hence this regions do not affect our estimated power spectrum. Temperature range is scaled from −670µK to 880 µK unit for visual purposes.
Power spectrum estimation
After we obtain all the 48 cleaned maps, the region near the galactic plane was masked by Kp2 mask to remove small residual foreground contamination. We obtain cross correlated power spectrum from these masked maps. In choosing pairs Ci & Cj to be cross correlated, we ensure that no DA is common between them. As shown in the table 2 there are 24 possible cross power spectra where the detector noise remains uncorrelated and the noise bias is zero. With these 24 cross power spectra we remove the mask effect, beam effect and pixel window effect. The mask effect was removed using the coupling matrix corresponding to the Kp2 mask (Hivon et al. 2002 ) . These 24 cross power spectra are then combined with equal weights into a single 'uniform average' power spectrum 1 . The final power spectrum is binned in the same manner as the WMAP's published result for ease of comparison. An exploration of alternate binning possibilities is deferred to a more detailed publication under preparation (Saha et al. 2005) . 
Estimating the Error bars on the power spectrum
To compute error bars on the final power spectrum we generate 110 random realizations CMB maps for each DA with WMAP-like noise properties and instrumental properties using Monte Carlo simulation. The input power power spectrum chosen for the simulation was WMAP best fit Λ-CDM with pure power law primordial spectrum (Spergel et al. 2003) . Each map was smoothed by the beam function appropriate for the corresponding DA. In this work we do not account for the beam uncertainty. All the DA maps corresponding to each realizations were passed through same pipeline that we have used for the real data. After averaging over the all power spectra obtained from 110 realizations we recover the model power spectrum. However the recovered power spectrum shows slight bias for the quadrapole moment. The recovered power at l = 2 was 875µK 2 whereas the model spectrum has a quadrapole moment 1221µK 2 . The standard deviation obtained from the diagonal elements of the covariance matrix was used as the error bars on the C l 's obtained from the data. The covariance matrix of the binned power spectrum is largely diagonal.
RESULTS
We obtain a 'uniform average' power spectrum of the cross spectrum obtained following the method mentioned in 2.2. This power spectrum matches closely to the WMAP's published power spectrum. The final binned power spectrum obtained is shown in the figure 2 in black line with error bars. We find a suppression of power in the quadrupole and octupole moments consistent with WMAP's result. However, our quadrapole moment (146µK 2 ) is little larger than the WMAP's quadrapole moment (123µK 2 ) and Octopole (455µK 2 ) is less than WMAP's result (611µK 2 ). We note that our simulation indicate a possible bias that suppresses the quadrupole. The final power spectrum does not show the the 'bite' like feature presented in WMAP's power spectrum at the first acoustic peak reported in . We perform a quadratic fit to the peaks and troughs of the final binned spectrum similar to (Page et al. 2003 ) . We obtain the first acoustic peak at l = 220.8 ± 0.8 with the peak amplitude ∆T l = 74.4 ± 0.3µK, the second acoustic peak at l = 545 ± 17 with the peak amplitude ∆T l = 49.6 ± 1.2µK and the first trough at l = 418.7 ± 5.5 with peak amplitude ∆T l = 42.2 ± 0.9µK. The fit to the peaks and trough are shown in the figure 5 in red line. The first trough in the WMAP team's published results is slightly lower than that obtained from the 'Uniform average' power spectrum. The deviation is within 1.95σ error limit at this point. However we find that the second acoustic peak is well within the 1σ error limit. As shown in figure 3 , the individual binned cross power spectrum closely matches with one another in the multipole range l < 540. -The 'Uniform average' power spectrum is plotted in black lines with error bars. The error bars are obtained from the diagonal elements of the covariance matrix using our simulation pipeline. Beyond l = 400 all the error bars are shifted by δl = 10 to visually distinguish between error bars obtained from our method and the WMAP's published error bars. The published binned WMAP power spectrum plotted in red line with error bars. As mentioned in the text, we have also performed our analysis using foreground template subtracted maps from WMAP. The resulting power spectrum is shown in the green points. This closely matches to the 'Uniform average' power spectrum, which suggests that for power spectrum estimation our foreground cleaned maps are as good as the foreground template subtracted maps produced by the WMAP. The multipole range 2 < l < 100 are plotted in the log scale to show the small l behavior of the power spectrum. As a cross check of the method we have done analysis with other possible combination of the DA maps.
1. If we completely exclude K and Ka band from our analysis and combine maps from Q, V and W bands only we get a power spectrum similar to the 'Uniform average' results (black line in figure 2 ). We note that in the figures 2 and 3 we recover similar notch at l = 4 as WMAP's published results. However the height of this notch is very close to WMAP's published power spectrum when we completely exclude K and Ka from our analysis.
2. The WMAP science team has also produced a set of foreground cleaned maps corresponding to Q1 to W4 DA available from LAMBDA website. The Galactic foreground signal, consisting of synchrotron, freefree, and dust emission, was removed using the 3-band, 5-parameter template fitting method described in Ref. (Bennett et al. 2003b ) . We add with these K and Ka band maps which are not foreground cleaned. We have performed our entire analysis with these maps. The resulting power spectrum is plotted in green line in the figure 2 and matches closely to the 'Uniform average' power spectrum ( black line). (534µK 2 ) is not plotted in the figure for ease of comparison of small difference in power spectrum. The difference is well within the 1σ error limit (1011µK 2 ) calculated from our simulation. However near l = 400 the deviations exceed the 1σ limit. The differences are smaller (black line) for power spectrum estimates from the foreground cleaned maps or from combination of the Q, V and W channel maps (blue line).
In the figure 4 we show the difference of the various power spectra from the final power spectrum. The red line shows the difference between the WMAP team's power spectrum and our final spectrum. The large difference at the multipole l = 853 not indicate in the plot is also within the 1 σ error limit. The black line shows the difference of the power spectrum from the foreground cleaned maps. A maximum difference of 92 µK 2 is observed only for octopole. For the large multipole range the difference is small and for l = 752 it is approximately 48 µK 2 . This is well within the 1σ errorbar (510µK 2 ) obtained from the simulation. The blue line corresponds to the difference of the power spectrum obtained from the Q, V and W channel combination. Although this is very close to our final spectrum there are small differences at low l. Moreover, our final spectrum is preferable since it is derived using more information. 
CONCLUSION
We carry out a model independent estimation of the CMB power spectrum from the WMAP first year data. The method does not rely upon any foreground template and employs the lack of noise correlation between the independent channels. The power spectrum is thus entirely based upon the WMAP data products only. This method may be further extended to extract power spectrum in a model independent manner from mutifrequency polarization maps. The mild difference with the published WMAP results in the amplitude near the first trough and the second acoustic peak will translate to small changes in the derived cosmological parameters. Cosmological parameters will be estimated in a future paper (Saha et al. 2005) . The ability to extract power spectrum may allow a more refined estimate of the noncircular beam correction carried out by (Mitra et al 2004 ) . We produce a set of 48 forground cleaned maps. These maps may be used to test the statistical isotropy of the CMB sky map as has been done by (Hajian et al 2004a; Hajian & Souradeep 2004) on the WMAP data using the Bipolar power spectrum method proposed in (Hajian & Souradeep 2003) .
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